Sir:
We demonstrated that activities of aminopeptidases, alkaline phosphatase and esterase were located on the surface of various types of animal cells1,2). Glycosyl-transferase and hydrolytic enzymes have also been reported to be localized on the surface of mammalian cells35). It is reasonable to assume that the enzyme activities of the cell surface play a key role in cell functions. In order to elucidate the biological role of these enzymes in various functions of the cells, we have searched for inhibitors against these enzymes and have succeeded in obtaining several of them from culture filtrates of actinomycetes. They are bestatin, forphenicine and esterastin610).These inhibitors were proved to bind to the cellular surface and modify the functions of immune response-participating cells11-13)
We searched for an inhibitor of aminopeptidase A and found a new compound named amastatin. In this paper, we report the isolation and characterization of amastatin.
Aminopeptidase A (EC 3.4.11.7) is an exopeptidase which can be obtained from human serum14). It hydrolyzes an N-terminal peptide bond containing N-terminal glutamic acid or aspartic acid. In order to obtain quantitative values for the anti-aminopeptidase A activity, we established the following method. The reaction mixture was prepared by mixing 0.25 ml of 2 mm L-glutamic acid fl-naphthylamide (Protein Research Foundation, Japan), 0.5 ml of 0.1 M Tris-HCI buffer at pH 7.0, 0.01 ml of 0.1 M CaC12 in 0.1 M Tris-HCI buffer at pH 7.0, 0.14 ml distilled water with or without inhibitor in a series of test tubes in a 37°C bath. After 3 minutes, 0.1 ml of an aqueous solution of aminopeptidase A which was purified according to the method of NAGATSU et al.14) was added. Thirty minutes thereafter, 1.0 ml of a solution of stabilized Fast Garnet GBC (Sigma I mg/ml) in 1 M acetate buffer at pH 4.2, containing 10% Tween 20, was added. After standing for 15 minutes at room temperature, absorbancy was read at 525 nm. The amount of the enzyme was adjusted to give an optical density of around 0.35, that is, about 25 nmoles of /'-naphthylamine was released. The reaction was also carried out without addition of the enzyme solution and the result was taken as blank. The concentration of the inhibitor required for 50% inhibition (ICS,) was calculated. We observed that many strains of various species of actinomycetes produce active agents in inhibiting aminopeptidase A, and a small molecular inhibitor was isolated from Streptomyces sp. ME98-M3 strain. The medium used for the production contained 2 % potato starch, 2 cotton seed meal, 1 % corn steep liquor and calcium carbonate (pH 7.4). The maximum production was attained in 2-3 days in a shaking culture and maintained for a week thereafter.
Amastatin in 100 liters of a culture filtrate was adsorbed on Amberlite XAD-4 (10.5 x 113 cm), and after the column was washed with distilled water, it was eluted with 100 liters of 50% methanol. The eluate was concentrated under reduced pressure to a syrup and dissolved in 3.9 liters of water adjusting the pH to 8.2. The solution was applied to a Dowex I X4 column (acetate type, 6.5 x 30.5 cm). After washing with 10 liters of water, elution with 10 liters of 0.1 N acetic acid gave 110g of crude powder (IC,o= 100 ,ug/ml). This powder was dissolved in 1.1 liter of 0.3 M pyridine-acetic acid buffer solution (pH 6.0) and applied to a DEAE-Sephadex A-25 column (5.5 x 29 cm) previously equilibrated with the same buffer. The active fraction obtained by the elution with the same buffer was concentrated in vacuo to give 30.6 g of crude powder (IC50=40,ug/ml). The crude powder dissolved in 400 ml of 0.05 M pyridine-formic acid buffer (pH 2.9) was applied to a Dowex 50W X4 column (3.4 x 34 cm) equilibrated with the same buffer. The active fraction was obtained by elution with a linear gradient from 0.05 M, pH 2.9 to 0.2 M, pH 3.1 pyridine-formic acid buffer (2 liters). The concentration under reduced pressure of the active peak gave 5.1 g of a crude powder (IC,o= 8.5 pg/ml). The powder was further purified by silica gel chromatography with a solvent system of n-butyl acetate -n-butanol -acetic acid -water (12: 4: 1: 1). The crude powder (0.8 g) thus obtained had the potency of IC50=2.5 pg/ml. For further purification, the above-mentioned Dowex 50 column chromatography was repeated. The powder obtained by concentration of the active fraction was purified by adsorption on Dowex 50W X4 (H+ type) and by elution with 0.2 N NHQOH. We obtained 30 mg of pure amastatin. As will be reported in the next paper, the structure of amastatin was determined to be
Amastatin also inhibited leucine aminopeptidase (EC 3.4.11.1, Boehringer Mannheim, Germany). The activity was determined by the following method: to 0.25 ml of 2 MM L-leucine 7?-naphthylamide (Tokyo Chem. Indust. Co. Ltd., Japan) was added 0.5 ml of 0.1 M Tris-HCl buffer at pH 7.0 and 0.2 ml of distilled water with or without an inhibitor in a series of test tubes in a 37°C bath. After 3 minutes, 0.05 ml of an enzyme solution was added and mixed well. The enzyme 
